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Abstract: The object of the present paper is to generalize conformal curvature
tensor of LP-Sasakian manifold with the help of a new generalized (0, 2) symmetric
tensor Z introduced by Mantica and Suh [7]. Various geometric properties of the
generalized conformal curvature tensor of LP-Sasakian manifold have been studied.
It is shown that a generalized conformally ¢-Symmetric LP-Sasakian manifold is
an 7n-Einstein manifold.

Keywords and Phrases: LP-Sasakian manifold, conformal curvature tensor,
generalized conformal curvature tensor, Einstein manifold.

2020 Mathematics Subject Classification: 53C25, 53D15.

1. Introduction

In 1960, a Japanese Mathematician S. Sasaki introduced the notion of Sasakian
structure [13]. A contact metric manifold is said to be Sasakian if it is normal. In
some respects, Sasakian manifolds may be viewed as an odd dimensional analogous
of Kahler manifolds. T. Adati and K. Matsumoto [1] defined para-Sasakian and
special para-Sasakian manifolds which are considered as special cases of an almost
paracontact manifold introduced by I. Sato and K. Matsumoto [14].

The notation of Lorentizian para-Sasakian manifold was introduced by K. Mat-
sumoto [9] in the year 1989.Later in 1992, the same notation was defined by Mihai
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and Rosca [10] independently. Since 1989, various geometric properties of LP-
Sasakian manifolds have been explored by several researchers such as ([5], [8], [12],
[16], [17]) and others.

A new generalized (0,2) symmetric tensor Z was introduced by Mantica and
Suh [7] in the year 2012 and they studied various geometric properties of it on
Riemannian manifold. A new tensor Z defined as

Z(X,Y) = S(X,Y) + ¢g(X,Y) (1.1)

is called Z—tensor, where v is an arbitrary scalar function.

Due to the generalization of projective curvature tensor with the help of this
new tensor Z defined in equation (1.1) on LP-Sasakian manifold our study become
more significant.

In this paper, we consider the generalized conformal curvature tensor of LP-
Sasakian manifold and study some geometric properties of it.The organization of
the article is as follows:

After preliminaries on LP-Sasakian manifold in section 2, we introduce and
briefly describe the generalized conformal curvature tensor of LP-Sasakian manifold
in section 3 and studied some geometric properties of it. In section 4, we prove
that a generalized conformal semi-symmetric LP-Sasakian manifold is of constant
curvature. In section 5, we show that a generalized conformal Ricci semi-symmetric
LP-Sasakian manifold is either Einstein manifold or v = —(n — 1). In the last
section,we prove that a generalized conformally ¢-symmetric LP-Sasakian manifold
is an n— Einstein manifold.

2. Preliminaries

An n-dimensional differentiable manifold M™ is said to be a Lorentzian para-
Sasakian manifold, if it admits a (1, 1)-tensor field ¢, a contravariant vector field
€, a 1-form 7 and a Lorentzian metric ¢ that satisfies ([8], [9]),

n(§) = -1, (2.1)

¢*X = X +n(X)E, (2.2)

9(6X, 9Y) = g(X,Y) + n(X)n(Y), (2.3)

9(X, &) = n(X), Vx& =X, (2.4)

(Vxo)(Y) =n(Y)X + g(X, V) + 2n(X)n(Y)S, (2.5)

where V denotes the operator of covariant differentiation with respect to Lorentzian

metric g. It can easily be seen that in an LP-Sasakian manifold M" following
relations hold:

¢ =0, n(¢X) =0, rank(¢) =n — 1. (2.6)
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Further, on an LP-Sasakian manifold following relations also hold:

9(R(X,Y)Z,8) = n(R(X,Y)Z) = g(Y, Z)n(X) = g(X, Z)n(Y),

R(EX)Y = g(X, V) —n(Y)X,

R(&, X)§ = X +n(X)¢,
R(X,Y)E=n(Y)X —n(X)Y,
S(X,€) = (n = n(X),
S(@X,0Y) = S(X,Y) + (n — 1)n(X)n(Y),
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for any vector fields X, Y, Z, where R(X,Y)Z is the Riemannian curvature tensor

and S is the Ricci tensor.
In [3] Blaga have given an example of LP-Sasakian manifold.

Example. [3] We consider the manifold

M={(x,y,2) € R3,: (x,y,2) are the standred coordinates in R*}.

Let the system of vector field

0 0 0 0
Ei=¢— F=c¢(=—+ —),F3=¢"—
1 eaya 2 6(8x+8y)’ 3 €
are linearly independent at each point of the manifold.
Define the Lorentzian metric g by

g(ElaEl) - 17
g(EQaEQ) - 17
9(E37E3) =—1,

and
g(Elv E2) = g(EQa E3) = g(E3a El) = 0.

Taking & = E3. Let n be the 1-form defined by
for any vector field Z. Let the (1,1) tensor field ¢ be defined by

¢(E1) = —E1, ¢(Es) = —Ea, ¢(E3) = 0.
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Using the linearty of ¢ and g, we have
n(Es) = g(Es, B3) = —1,
¢*Z = Z +n(Z)Es,
9(0Z, W) = g(Z, W) + n(Z)n(W),
for any vector fields Z, W € T'M.
Then the structure (¢, E3,n,g) defines the Lorentzian paracontact structure.

Let V be the Levi-Civita connection for Lorentzian metric g, then by Koszul’s
formula, we have

vE1E11 = _E37 VE1E2 == 0, VE1E3 = _E17

Vg, E1 =0, Vg, Ey=—FE3, Vg, Ey=—Ey,
Veg,E1=0, Vg FE,=0, VgFE;=0.
From these calculations, it can be easily seen that M (¢, E3,n, g) is an LP-Sasakian

manifold.

3. Generalized Conformal Curvature Tensor

In this section, we give brief account of generalized conformal curvature tensor
of LP-Sasakian manifold and study various geometric properties of it.

The conformal curvature tensor is given as [6]

aauxypﬂmuxyyﬂm%ﬁwwxwam
— S(U, X)g(V,Y) + S(U,Y)g(V, X) — S(V,Y)g(U, X)]  (3.1)
+ __[g(V, X)g(U,Y) — g(U, X)g(V,Y)],

(n—1)(n—2)
where R(U,V, X,Y) is the Riemannian curvature tensor and S is the Ricci tensor
of the manifold. The conformal curvature tensor C(U,V, X|Y) is skew-symmetric
in the first two slots, skew-symmetric in the last two slots and symmetric in the
pair of slots [6].
From equation (3.1), we have

C(U, V)X =R(U, V)X — S(V, X)U — S(U, X))V

2(n — 1)[

+ 9(V, X)QU — g(U, X)QV] (3.2)
n r g(V, X)U — g(U, X)V].

(n—1)(n—2)
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Covariant derivative of the conformal curvature tensor is given as

1
2(n—1)
— (VwS)(U, X)V + (VwQ)(U)g(V, X) — (VwQ)(V)g(U, X)] (3.3)

dr(W)
(n—1)(n—2)

(VwO) (U, V)X = (VwR)(U, V)X — [(VwS)(V, X)U

lg(V, X)U = g(U, X)V].

Divergence of the conformal curvature tensor is given as

(@)U, V)X =22 [(VuS)(V, X) — (VyS)(U,X)
: (3.4)
- m{g(‘/» X)dr(U) — g(U, X)dr(V)}].
In view of equation (1.1), equation (3.1) takes the form

1
2(n—1)
— Z(U, X)g(V.Y) + Z(U,Y)g(V, X) — Z(V,Y)g(U, X))

2¢
(n—2)

C(U,V,X,Y)=R(U,V,X,Y) - [Z(V, X)g(U,Y)

(3.5)

+ [g(V, X)g(U,Y) — g(U, X)g(V,Y)].

Define

C*(U,V,X,Y) = R(U,V,X,Y) [Z(V, X)g(U,Y) = Z(U, X)g(V,Y)

n-1

+ Z(U,Y)g(V,X) = Z(V,Y)g(U,X)]  (3.6)

+ =) =2) g(V,X)U — g(U, X)V].

By using the equation (3.6), equation (3.5) reduces to

2¢

X, Y)=C" X, Y
CUVXY)=CWUV.XY)+ =

[g(V, X)g(U,Y) — g(U, X)g(V,Y)],

which gives

2y

C UV X,Y) = CUV.X.Y) = s

V: X)g(U,Y) = g(U, X)g(V.Y)]. (3.7)
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The curvature tensor C*(U, V, X,Y') defined in equation (3.6) is called generalized
conformal curvature tensor of LP-Sasakian manifold.
If » = 0, then from equation (3.7), we obtain

CH(U,V.X,Y) = C(U,V, X,Y). (3.8)
Thus we can state as follows

Theorem 3.1. If the scalar function ¢ vanishes on LP-Sasakian manifold, then
the conformal curvature tensor and the generalized conformal curvature tensor co-
incide.

From equation (3.7), we have

2y

C*<‘/, U,X,Y) - C(V7 U,X,Y)—m

[9(U, X)g(V,Y)—g(V, X)g(U,Y)]. (3.9)

Now adding equations (3.7) and (3.9) with the fact that
CUV,X,)Y)+C(V,U, X,Y) =0, we get

C*(U,V,X,Y)+C*(V,U,X,Y) =0, (3.10)

which shows that the generalized conformal curvature tensor is skew-symmetric in
first two slots.
Again from equation (3.7), we have

2¢
(n—2)

Now adding equations (3.7) and (3.11) with the fact that
C(U, VY, X)+C(U,V,X,Y) =0, we have

cCr(U VY, X)=C(UV,Y,X)— (V. Y)g(U, X)—g(U,Y)g(V,X)]. (3.11)

C*(U,V,X,Y)+C*U,V,Y,X) =0, (3.12)

which shows that the generalized conformal curvature tensor is skew-symmetric
with respect to last two slots.
Again interchanging pair of slots in equation (3.7), we obtain

29
(n—2)

C*(X, YU, V) = V(X,Y’, U, V) - [g<Y7 U)g(X7 V) - g<X? U)g<Y7 V)]

(3.13)
Now subtracting equations (3.13) with (3.7) with the fact that
M(X,Y,UV)—MU,V,X,Y) =0, we get

M*(U,V,X,Y) = M*(X,Y,U,V) =0, (3.14)
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which shows that the generalized conformal curvature tensor is symmetric in the
pair of slots.
Thus we can state as follows

Theorem 3.2. A generalized conformal curvature tensor of LP-Sasakian manifold
18
(1)  skew-symmetric in the first two slots,
(17)  skew-symmetric in the last two slots,
(13i) symmetric in the pair of slots.

Now, writing two more equations by the cyclic permutations of U, V' and X of
equation (3.7), we obtain

CHV.X.UY) = C(V. X, U.Y) 2 [g(X.U)g(V.Y)—g(V.U)g(X,Y)] (3.15)

(n—2)
and
2
CH(XUV.Y) = CX.UV.Y) = 2 slafUV)a(X.Y) = g(X.V)g(U V).
n—
(3.16)
Adding equations (3.7), (3.15) and (3.16), with the fact that
cCU,V, X, Y)+C(V,X,U,Y)+C(X,U,V,Y) = 0, we obtain
CHUV, X, Y) + C*(V, X,U,Y) + C*(X,U,V,Y) = 0, (3.17)

which shows that the generalized conformal curvature tensor satisfies Bianchi’s first
identity.
Thus we can state as follows
Theorem 3.3. A generalized conformal curvature tensor of LP-Sasakian manifold
satisfies Bianchi’s first identity.

From equation (3.7), we have

2y
(n—2)

C*(U, V)X = C(U, V)X — [g(V, X)U — g(U, X)V]. (3.18)

Putting U = ¢ in equation (3.18) and using equations (3.2) and (2.4),
we obtain
CH & V)X = R(E, V)X - [S(V, X)€ = 5(&X)V + Q(§)g(V, X) — Q(V)g(&, X)]

2
(n—2)

2(n—1)

— (V. X)E = g(§, X)V] -

(n—1)(n—2) [9(V, X)¢ —n(X)V].

(3.19)
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Now using equations (2.8) and (2.11) in equation (3.19), we get

—n+1+7r—2¢n-—1) —n+1+4+r—2¢(n-1)

1 1
(3.20)
Again putting X = £ in equation (3.18) and using equation (3.2),
we obtain
(U V)E=R(UV)§ = —[S(V,)U = S(U. OV + QU)n(V)
r— 2(n — 1) (3:21)
~ QU] = T = V)V = (V) V]
which on using equations (2.10) and (2.11), gives
o, vye = L0 D gy
(n—1)(n—2) (3.22)
QW) - Q)]
(n—2)
Taking inner product of equation (3.18) with respect to &, we have
n(C*(U,V)Y) =n(C(U,V)Y)
- V) - g nw. O

Using equations (3.3) and (2.10) in equation (3.23), we have

(n—1(n—-2)+r—2¢n-1)
(n—1)(n—2)

[S(V, X)n(U) — SU, X)n(V) +g(V, X)n(QU) — g(U, X)n(QV)].

(3.24)

n(C*UV)Y) =

1
(n—2)

g(V, X)n(U) — g(U, X)n(V)]

Thus we can state as follows

Theorem 3.4. A generalized conformal curvature tensor of LP-Sasakian manifold



Generalized Conformal Curvature Tensor of LP-Sasakian Manifold 249

satisfies the following-
(¢)

—n+1+r—2¢n-—1) —n+1+r—2¢(n-1)

Cr(e v)x B Dy g (L2 gy
1
- ms(‘/’ X)E+ MQ(V)U(X),
(id)
o, vye =TI T ) v

(n—1)(n—2)

5 QIY) — Q)L

(iid)
n(C*(U,V)Y) =]

1
(n—2)

(n—1)(n—2)+r—2¢(n—-1)
(n—1)(n—2)

[S(V, X)n(U) = SU, X)n(V) +g(V, X)n(QU) — g(U, X)n(QV)].

Jlg(V; X)n(U) — g(U, X)n(V)]

4. Generalized Conformal Curvature Tensor of LP-Sasakian Manifold
satisfying R(¢, X).C* =0

In this section, we define a generalized conformally semi-symmetric LP-Sasakian
manifold and proved some important results on it.

Definition 4.1. A Riemannian manifold is said to be semi-symmetric if it satisfies
the condition [15]
R(X,Y).R=0, (4.1)

where R(X,Y") is considered as the derivation of the tensor algebra at each point
of manifold.
Analogous to definition (4.1), we define

Definition 4.2. An LP-Sasakian manifold is said to be generalized conformally
semi-symmetric if it satisfies the condition

R(X,Y).C* =0, (4.2)

where C* s the generalized conformal curvature tensor of LP-Sasakian manifold
and R(X,Y") is considered as the derivation condition at each point of LP-Sasakian
manifold.
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Consider (R(&, X).C*)(U, V)Y = 0 for any vector fields X, U, V)Y, where C* is
the generalized conformal curvature tensor of LP-Sasakian manifold, then we have

—C*(U,R(,X)V)Y —C*(U,V)R(E, X)Y = 0. (4:3)

In view of equation (2.8), above equation gives

n(C*(U,V)Y)X — C*(U, VY, X)¢ —n(U)C*"(X, V)Y
+g(X, 0)C* (&, V)Y —n(V)C*(U, X)Y + g(X,V)C*(U, )Y  (44)
—n(Y)C*(U, V)X 4 g(X,Y)C*(U, V)¢ = 0.
Taking inner product of above equation with &, we get
n(CHU, V)Y )n(X) = (U, V.Y, X)n(§) — n(U)n(C* (X, V)Y)
+9(X, Un(C (&, V)Y) = n(V)n(C*(U, X)Y) + g(X, V)n(CH(U,£)Y)  (4.5)
—n(Y)n(C*(U,V)X) + g(X,Y)n(C* (U, V)§) = 0.

Using equations (2.1), (3.7) and (3.24) in equation (4.5), we have

R(U, V.Y, X) = ——g(V.Y)g(X,U) ~ g(U,V)g(X,V)
+@%5wwxmwnv—ﬂwxmwmn

n—1
n—2
1

i m[S(U,X)n(V) — SV, X)nU)n(Y).

[9(X, Un(V) — g(X, V)nU)n(Y)

Let {e; : i =1,2,3,...,n} be orthonormal basis vectors. Putting U = X = ¢; in
above equation and taking summation over 7,1 <1 < n, we get

sy =" vy POV ey )
which is of the form
S(V.Y) = ag(V,Y) + bn(V)n(Y), (4.8)

—n(n—1)+r

where ¢ = ==2+L and b =
n—1 n—1

Thus we can state as follow
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Theorem 4.1. A generalized conformally symmetric LP-Sasakian manifold is an
n-Einstine manifold.

5. Generalized Conformally Ricci Semi-symmetric LP-Sasakian Mani-
fold

In this section, we define a generalized conformally Ricci semi-symmetric LP-
Sasakian manifold and proved that a generalized conformally Ricci semi-symmetric
LP-Sasakian manifold is either an Einstein manifold or the scalar function ¢ =
—(n—1).
Definition 5.1. A Riemannian manifold M™ is said to be Ricci semi-symmetric
[2] if the condition

R(X,Y).S =0, (5.1)

hold for all vector field X, Y.
Analogous to definition (5.1), we define

Definition 5.2. An LP-Sasakian manifold M™ is said to be a generalized confor-
mally Ricci semi-symmetric if the condition

C*(X,Y).S =0, (5.2)

hold for all vector fields X, Y, where C* is the generalized conformal curvature
tensor of LP-Sasakian manifold.
Consider LP-Sasakian manifold is generalized conformally Ricci semi-symmetric,
i.e.
(C*(§ X).9)(U, V) =0,
which gives
S(CH(, X\)U, V) + S(U,C* (&, X)V) = 0. (5.3)
Using equation (3.20) in above equation, we have
a(n — Dlg(X. U)(V) + (X, V)o(U)
—a[S(X, U)n(V) + S(X, V)n(U)]
= B(n = D[SX, Un(V) + 5S(X, V) V)]
+5[52(V X)n(U) +5(U QX)) =

where o = [(;12) T e (n 2 ] and 8 =

Putting U = £ in equation (5.4) and using equatlons (2.1), (2.4) and (2.11), we
obtain

SHXV) = —(n = 1)"n(X)n(V) = {r — (n = 1)(2¢ + 1) }g(X, V)
L= = DEY—n+2)}

n—1

(5.5)

S(X,V)+ (n—1)*n(X).
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Thus we can state as follows-

Theorem 5.1. On a generalized conformally Ricci semi-symmetric [4] LP-Sasakian
manifold

SX, V) = —(n—1Pn(X)n(V) — {r — (n— 1) (20 + 1) }g(X, V) 4 Llo=lCe—m2)
S(X,V)+ (n—1)2n(X) holds.

6. Generalized Conformally ¢-Symmetric LP-Sasakian Manifold

In this section, we define a generalized conformally locally ¢-symmetric LP-
Sasakian manifold and a generalized conformally ¢-symmetric LP-Sasakian mani-
fold and obtained an intresting result on it.

Definition 6.1. A Riemannian manifold M™ is said to be locally ¢-symmetric [18]

if
¢*(VwR)(X,Y)U) =0, (6.1)

for all vector fields X, Y, U, W orthogonal to &.
Definition 6.2. A Riemannian manifold is said to be ¢-symmetric [18] if

¢*(VwR)(X,Y)U) =0, (6.2)

for arbitrary vector fields X, Y, U, W.
These notions were introduced by Takahashi for Sasakian manifold [18].
Analogous to these definitions, we define

Definition 6.3. An LP-Sasakian manifold is said to be generalized conformally
locally ¢-symmetric if
¢*(VwC*(X,Y)U) = 0, (6.3)

for all vector fields X, Y, U, W orthogonal to .

Definition 6.4. An LP-Sasakian manifold is said to be generalized conformally
o-symmetric if

¢*(VwC™)(X,Y)U) =0, (6.4)

for arbitrary vector fields X, Y, U, W.
From equations (3.3) and (3.18), we have

(VwC)(X, Y)U =(Vw R)(X,Y)U

_ ﬁ[(VWS)(Y, U)X — (ViwS)(X,U)Y]
_ 2dr(W)

(n—2)

(6.5)

[g(Y, U)X — g(X,U)Y.
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Assume that the manifold is a generalized conformally ¢-symmetric, then from
equations (6.4) and (6.5), we get

(VwR)(X, Y)U ~ = [(VwS)(Y, U)X — (VwS)(X, V)Y + (VwQ)(X)g(¥, 1)
dr(W)
(n—1)
= (Tw B)X, V) + L [(TwS)(V,D)n(X) — (TwS)(X, Upn(Y)
+ (VwS)(X, §g(Y.U) — (VwS)(Y,§g(X, U)J¢

PO b5, 0() — o6, U

- (Vw@Q)(Y)g(X,U)] - (Y, U)X —g(X,U)Y]

(6.6)

Taking inner product of above equation with V, we obtain

g((VWR) <X7 Y>U7 V) -

(TS V(X V) = (TwS)(X.V)g(¥.V)

F(VwS)(X, V)g(V,0) ~ (VurS) (¥, V)g(X, 0]

_ 2dr(W)
(n—2)

= —n(TwR)(X, V)V (V)

(VW)Y Un(X) — (V) (X, V()

+(VwS)(X,9(¥. 1) ~ (VwrS)(Y, )g(X. U)n(V)

+ 2O 5, 0y ) — X, U (V).

(Y, U)g(X, V) — g(X,U)g(Y, V)]

(6.7)
Putting X =V = ¢; in equation (6.7) and taking summation over i, we have

1

2n)
1
= —u(Tw R e VIO + 5o (G0
— (Ve S)(en V(Y ne) + (Vi) (en )g(Y, Uln(er)

~ (VwS)Y.On(U)] + T Y, U) = nV ()

~dr(IV)g(Y V) = S(Vw8)(Y,U) = =< [dr(W)g(¥, U) ~ (VaS)(Y,U)
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Putting U = £ in above equation and using equations (2.1) and (2.4), we get

n+2 n—2
—n((VwR)(e;, Y)E)n(e:) — (n— 1>d7’(W)77(Y) + W(VWS)(Y, HnY) = 0.
(6.9)
Now,
n((VwR) (e, Y)E)n(e:) = g(VwR) (e, Y)E, §)glei, §) (6.10)
and
9(VwR)(e:,Y)E, &) =9(VwR(e;, Y)E, ) — g(R(Vwe;, Y)E, €) (6.11)

—g(R(ei, VwY)E, &) — g(R(ei, Y)VwE, §).

Since e; is an orthonormal basis, so Viyye; = 0 and using equation (6.10), we get
(VwS)(Y,€) = =(n+ 1)dr(W)n(Y). (6.12)

Putting Y = £ in above equation, we get dr (W) = 0, which shows that r is constant.
From equation (6.12), We have

(VwS)(Y,€) = 0.
This shows that
S(Y,W) = ag(Y,W) + bn(Y)n(W), (6.13)

where a = —1 and b = —n, which shows that M" is an n-Einstein Manifold.
Thus we can state as follows

Theorem 6.1. A generalized conformally ¢-symmetric LP-Sasakian Manifold is
an n-Finstein Manifold.

References

[1] Adati T. and Matsumoto K., On conformally recurrent and conformally sym-
metric P-Sasakian manifolds, TRU Math., 13 (1997), 25-32.

[2] Arslan K., De U. C., Murathan C. and Yildiz A., On generalized recurrent
Riemannian manifold, Acta Math. Hunger., 123(1-2) (2009), 27-39.

[3] Blaga A. M., n—Ricci solitons on Lorentzian para Sasakian manifolds, Filo-
mat, 30(2) (2016), 489-496.



Generalized Conformal Curvature Tensor of LP-Sasakian Manifold 255

[4]

[5]

8]

[11]

[12]

[13]

[14]

[15]

Boeckx E., Kowalski O. and Vanhecke L., Riemannian manifolds of conullity
two, Singapore World Sci. Publishing, 1996.

De U. C., Matsumoto K. and Shaikh A. A., On Lorentzian para-Sasakian
manifolds, Rendiconti del Seminario Matematico di Messina, Serie II, Sup-
plemento al n., 3 (1999), 149-158.

Mantica C. A., De U. C., Suh Y. J. and Molinari L. A., Perfact fluid space-
time with Harmonic generalized curvature tensor, Osaka J. Meth., 56 (2019),
173-182.

Mantica C. A. and Suh Y. J., Pseudo Z Symmertic Riemannian manifolds
with Hormonic curvature tensor, Int. J. Geo. Meth. Mod. Phys., 9(1)
(2012), 1250004.

Matsumoto K. and Mihai I., On a certain transformation in a Lorentzian
para Sasakian manifold, Tensor, N. S., 47 (1988), 189-197.

Matsumoto K., On Lorentzian paracontact manifolds, Bull. of Yamagata
Univ., Nat. Sci., 12 (1989), 151-156.

Mihai I. and Rosca R., On Lorentzian P-Sasakian manifolds Classical Anal-
ysis, World Scientific Publi. (1992), 155-169.

Mishra R. S., Structures on differentiable manifold and their applications,
Chandrama Prakashan, 50-A, Bairampur House, Allahabad, 1984.

Sarkar A. and Sen M., On invariant submanifolds of LP-Sasakian manifolds,
Extrata Mathematicae, 21(1) (2012), 145-154.

Sasaki S., On differentiable manifolds with certain structures which are closely
related to almost contact structure, Tohoku Math. J., 2 (1960), 459-476.

Sato 1. and Matsumoto K., On P-Sasakian manifolds satisfying certain con-
ditions, Tensor N. S.; 33 (1979), 173-178.

Sazabo Z. 1., Structure theorems on Riemannian spaces satisfying R(X,Y).R =
0. L. the local Version., J. Diff. Geom, 17 (1982), 531-582.

Singh R. N., Pandey S. K. and Pandey Giteshwari, Second order parallel Ten-
sors on LP-Sasakian Manifolds, Journal of International Academy of Physical
Sciences, 13(4) (2009), 383-388.



256 South FEast Asian J. of Mathematics and Mathematical Sciences

[17] Singh R. N. and Pandey S. K., On a quarter symmetric connection in an
LP-Sasakian manifolds, Thai Journal of Mathematics, 12(2) (2014), 351-371.

[18] Takahashi T., Sasakian ¢—symmetric spaces, Tohoku Math. J., 2 29(1)
(1977), 91-113.



